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Reston, Va. 22092.
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Table showing linear correlatioh coefficients between logarithmic values of the
concentration of selected elements versus arsenic, McCarthy quadrangle, Alaska.
[Leaders(---)indicate insufficient data. ]
Analytical method-------————-———————————————————-gjx-step semiquantitative spectrographic analyses Atoonnc‘ji%olcclnl?isrr?éta{ci:on 1
. |
Eiement Fe [Mg | Ca | Ti | Mn|Ag | As | B Bo | Be|Bi |Co|[Cr (Cu| La|Mo|[NbI!Ni |Pb| Sb|Sc |Sr |V Y [Zn | Zr | Au{Cu | Pb |Zn | Hg | As
. .. 7 : ' ‘
Correlation Coefficient(XIO0) 4 //
Nas L2012 | 31! 30 8 /36 15 | - | - |21 |11 |2 | --~ [-49 | 12 .
7% 45 34 3 7 20 28 22 49 26 9 -- -- 48 -- 33
Number of pairs 63 | 65 | 58 | 64 | 67 | 35 //44 50 | - | - |34 (45 |5 | -- 121 )18 | 51 | 34 [ 12 33| 5 |62 |3 [12]4 |30 --|-]1|-]mn
L

Y Au, Cu, Pb,and Zn by atomic absorption analysis
Hg by flameless atomic absorption analysis
As by colorimetric analysis
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DISCUSSION

A geochemical survey was conducted in the
McCarthy quadrangle Alaska, to identify areas
containing anomalous concentrations of various
metallic nnd nonmetallic elements. This study
incorporates the results of analyses for arsenic
from 827 rock samples collected in the quad-
rangle and analyzed by the U.S. Geological
Survey between 1961 and 1976 using semiquan-
titative emission spectrophotometry. The
samples include both wunaltered and hydro-
thermally altered rocks. The hydrothermally
altered rock consist of ore grade material, gos-
sans, fault gouge, vein materials, silica-rich
boxworks, veins adjacent to faults, and fracture
surfaces showing evidence of mineralization.
Therefore, the analytical data set may be
considered representative of most rock types
known to occur in the study area.

The accompanying map shows the distribu-
tion and relative abundance of arsenic in rocks
collected. Geochemical analyses have been
grouped and are represented by symbols on a base
map, which includes topography and generalized
geology. The range of analytical values and the
symbol that represents it are shown in the
histogram. Graphical representation of analyt-
ical values on the map permits easy observation
of any large variation resulting from separate
or duplicate samples collected at the same or
nearby localities. All samples were crushed and
ground to pass through a 180 micron opening
sleve before being analyzed.

The chemical analyses of unaltered and
unmineralized bedrock samples are considered to
represent background concentrations for the var-
ious rock units in the McCarthy quadrangle.
These analyses were merged with those from
samples representative of hydrothermally altered
mineralized, and (or) biased rock types, such as
ore grade material. Thus the geochemical
distribution of arsenic analyses may help to
locate potential occurrences of concealed
mineral deposits, particularly large buried
deposits such as porphyry copper or molybdenum.

The arithmetic and geometric mean values
of arsenic in rocks from the McCarthy quadrangle
are 1,399 and 750 ppm, respectively. Based on
an evaluation of the statistical data given in
the accompanying histogram, arsenic values rang-
ing from N(200) to L(200) ppm are classified as
background values. Those values between 200 and
500 ppm are classified as threshold to weakly

anomalous, and values greater than 500 ppm
arsenic are considered to be significantly
anomalous.

Most of the arsenic detected in rocks

collected in the McCarthy quadrangle seems to be
associated with granitic intrusions, veins, and
sulfide-rich rocks. The amygdaloidal basalt
flows of the Middle and (or) Triassic Nikolai
Greenstone do not appear to influence or be
directly related to the presence of arsenic.
This lack of association is evidence by the
absence of statistically significant positive
correlation coefficients occuring between
arsenic, and component elements characteristic
of the Nikolai Greenstone such as Fe, Mg, Ca,
Ti, Mn, Ba, Co, Cr, Cu, Ni, Sr and V. Because
of a limited number of samples, the very high
spectrographic lower limit of detection for
arsenic (200 ppm), and the many different rock
types, only a few elements show significant
positive correlation with arsenic. The signif-
icant positive correlation coefficients between
arsenic and the elements iron, manganese,
nickel, and vamadium, may be related to the
occurrence of arsenopyrite or ~other sulfide
minerals, or to magnetites and oxide minerals
associated with sulfide mineralization, pegma-
tites, and granitic intrusions. The positive
correlations between arsenic and titanium, and
between arsenic and boron, may be related to the
occurrence of titanium minerals and tourmaline
in granite pegmatites and metamorphic rocks.
Because erratic, biased, and in many cases
widely separated sample localities were used in
this project, undue emphasis may be placed on
anomalous arsenic values occurring in only one
or two samples in a given area. In all cases,
geochemical interpretation has been made utiliz-
ing associated elements in combination with

geological, structural, and geophysical data.
More detailed geological, analytical, and
statistical data for geochemical studies of

specific areas in the McCarthy quadrangle can be
found in reports by MacKevett and Smith (1968),
Winkler and MacKevett (1970), Knaebel (1970),
and Winkler, MacKevett, and Smith (1971).

Because of its strong association with
sulfide ores and gold, arsenic could be an
important pathfinder element to use in the
search for porphyry-type deposits. In addition,
arsenic appears closely related to Kennecott-
type copper deposits. Arsenic often forms halos
around zoned porphyry copper deposits. The
distributions of arsenic, molybdenum, silver,
and gold in rocks, together with the distribu-
tions of copper, gold, 1lead, arsenic, and
mercury in stream sediments and glacial debris,
may reveal zoning patterns that are related to
undiscovered mineral deposits.

Preliminary study of the geographic dis-
tributions of arsenic anomalies suggests that
most of the arsenic is related to areas of
potential Kennecott-type copper deposits, por-
phyry deposits, and mineralization in the
Jurassic(?) and Cretaceous Valdez Group.

Of those rocks collected and analyzed from
the area of the McCarthy quadrangle south of the
Chitina River, only two contain anomalous con-
centrations of arsenic. The sparcity of anom-
alies however, as in other areas of the quad-
rangle, may be directly related to the high
lower limit of detection of arsenic used in this
spectrographic analysis. Colorimetric analyses
with a lower limit of detection (10 ppm) show
many anomalies for arsenic of stream sediments
collected in the gold-producing rocks of the

Valdez Group. The gold potential of this region
is suggested by the association of anomalous
concentrations of gold, silver, arsenic, lead,
and mercury in samples of stream sediments and
rocks collected in this general area.

Several strong arsenic anomalies were
detected in rocks collected from the vicinity of
Bonanza Ridge and Porphyry Mountain (T.5 S., R.
14 E.). In addition, both arsenic and mercury
anomalies were detected in stream sediments from
the west slope of Bonanza Ridge. Some weak
arsenic and mercury anomalies were also detected
in stream sediments collected from McCarthy and
Nikolai Creeks and these observations suggest
that arsenic and mercury may be associated with
Kennecott-type copper deposits. Stream sedi-
ments from the area west of Bonanza Ridge, the
area of Castle Peak (T. 3 S., R. 1l E.), and the
area southeast of Bonanza Ridge in the Nikolai
Butte. area (T. 6 S., R. 17 E.), also have anom-
alousfy high arsenic and mercury concentrations.
The Upper Triassic Chitistone Limestone crops
out in these same areas and all Kennecott-type
copper deposits are stratigraphically confined
to the lower part of the Chitistone Limestone.
Thus, arsenic and mercury, may be sensitive
pathfinder elements for this type of low-
temperature deposit, forming zoned halos around
the deposits. More detailed studies should be
conducted in these areas, using rock samples, to
determine whether arsenic and mercury can be
used to successfully predict and detect the
occurence of concealed Kennecott-type copper
deposits.

Only one arsenic anomaly was detected in
rocks collected adjacent to the Totschunda fault
system and to the northeast in the White River
area (T. 1 S., R. 21 E.). However, very few
samples from this area were analyzed and no
conclusions can be drawn from the available
data. More detailed sampling should be done.

Several arsenic anomalies were detected in
rock samples from the general area of Barnard
Glacier, south of the University Peak (T. 6 S.,
R. 20 E.). The arsenic anomalies seem related
to a monzonitic-granitic complex of Pennsylvan-
ian age that intrudes rocks of the Devonian(?)
Kaskawulsh Group and the metamorphosed Pennsyl-
vanian and Permian Skolai Group. Outcrops
covering several square kilometers show evidence
of strong hydrothermal alteration and positive
aeromagnetic anomalies occur 1locally (Case and
MacKevett, 1976). Anomalous amounts of copper,
silver, gold, arsenic, mercury, and lead were
detected in samples of stream sediments and rock
collected in the same area. The intrusive

complex also contains several molybdenum
anomalies and two small tin anomalies. The
presence of anomalies of all these elements
suggests that this area might contain undis-
covered porphyry-type copper and molybdeum

deposits related to the intrusive complex.

Highly anomalous arsenic values were
detected in rocks from the Dan Creek, Nikolai
Butte, Williams Peak, Pyramid Peak, Andrus Peak,
and Mount Holmes area (T. 6 S., R. 16 E.), and
in the upper reaches of Canyon Creek, all
located in the south-central part of the quad-
rangle. The anomalies are considered to be
extremely significant. An intrusion of Tertiary
granodiorite and tonalite, which forms small
outcropping plutons, is inferred to underlie
much of the area and is probably related to the
Tertiary intrusive complex exposed in the
University Range (T. 5 S., R. 18 E.) to the
northeast. Anomalous concentrations of copper,
silver, gold, mercury, antimony, lead, and
molybdenum detected in samples of rock and
stream sediment suggest that relatively intense
mineralization probably occurs in this area.
Strong positive magnetic anomalies are present
(Case and MacKevett, 1976) and hydrothermally
altered rocks are visible in outcrops. The area
has been extensively placer mined for gold and
is known to contain veins of gold-arsenic-
antimony and gold-copper-molybdenum. These ele-
ment associations suggest a strong possibility
for concealed porphyry-type copper, molybdenum,
or other types of deposits.

Very strong arsenic anomalies were
detected in samples of rock collected from the
general area of the Kuskulana River south of
Skyscraper Peak (T. 2 S., R. 9 E.). The
anomalies may be related to veins of sulfides in
the Nikolai Greenstone. However, the close
proximity of monzodiorite, granodiorite, and
tonalite intrusives of the Jurassic Chitina
Valley batholith suggests that the mineralized
rocks may be related to the intrusives in the
area (Moffit and Mertie, 1923). The arsenic
anomalies are associated with copper, gold,
silver, and molybdenum anomalies.

A few arsenic anomalies were detected in
rocks collected south of Granite Peak (T. 1 S.,
R. 9 E.) and from the Kluvesna River. Anomalous
concentrations of molybdenum, gold, copper,
silver, arsenic, and mercury were also detected
in some samples of stream sediment and rock

collected in. the same general 1locality. The
Jurassic Chitina Valley batholith of monzo-
diorite, granodiorite, and tonalite underlies

much of Granite Peak and intrudes the Nikolai
Greenstone. Positive aeromagnetic highs occur
locally (Case and MacKevett, 1976) and strongly
altered rocks are visible in the area. Some
geochemical anomalies may be related to veins of
sulfide in the Nikolai Greenstone, however many
of the anomalous samples may be related to
undiscovered porphyry-type copper and possibly
molybdenum deposits.

A complete set of coordinates for sample
sites, as well as statistical and analytical
data, obtained 1974~1976 for arsenic in rocks
collected in the McCarthy quadrangle is avail-
able, together with details of sample collect-
ion, preparation, analysis, data storage and
retrieval, in U.S. Geological Survey Open-File
Report 76-824 (0’Leary and others, 1976) and on
a computer tape (VanTrump and others, 1977).
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Histogram showing frequency distribution,
analytical range, and map symbols for
arsenic in samples of bedrock, mineral-
ized rock, veins and altered rock,
McCarthy quadrangle, Alaska.
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